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Unsteady Flow

+ Inflation

¢ Dynamics
+ Oscillation
+ Acceleration
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Dimensionless Parameters In Unsteady: Flow
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Mass Ratio -

+ The ratio of the payload mass to a representative air
Mass

¢ Important in:
+ Inflation
+ wake recontact

¢+ parachute dynamics
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Froude Number -
gD,

¢+ Ratio of fluid inertial forces to gravitational forces
¢ Selection of velocity important
Steady descent velocity (V) 72pV/7ZCpSp = 1iisg
V:=mgeg/kpD;
where k is a constant 7C, /8

ol ™2 TR N
"~k pD; Dg  k pD;

l.e. Is equivalent tor mass ratio

Froude number is definediusing lines taut velocity: Iz and
represents inflation initiall conditions
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Dimensionless Time -

+ Relates time interval to characteristic time for
parachute

: _ Vst
¢ Lines taut velocity used 7= D

< Important in inflation modelling < is approximately
constant for a given parachute
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Added Mass

+ Also called “virtual' mass™ and “apparent mass”
+ When body accelerated in a fluid a < F/m
+ Fluid must also be accelerated
+ Added mass a=o0f/a
¢ Important for
¢ airships
¢ submarines
¢ parachutes

+ Exists for all bodiesimoving|in a fluid
+ For accelerating and steady flow
< For inviscid and viscous filuids
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Added Mass
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Added Mass

Cani be expressed in terms of kinetic energy:

nodﬁTﬂmd:% % [m+ pj j j((_// V)%N]

Added mass term is
a=p| || U1V v =2Tua ) V*

For inviscid flow: it is function only off body shape and direction of
motion

For viscous flow is also function off the history of the motion due to
the wake
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Added Mass

For translation velocity components (Vl,V2,V3)
and rotation components (Va,V5,V5)

2Thia = Y _aiViV;
L,J

l.e. a 36 component tensor
for inviscid flow:  di = Qji

aij

added mass coefficients are defined as: ki = v
o,

where Y Is an appropriate reference volume
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Added Mass

For a hemispherical shell ai=2136p=2

For a 90kg| load descending under a 6.7m
projected diameter parachute at low
earth altitude,

x 6.7

4, =2136x1225x = ~206kg

added mass greater than payload mass

ADDED' MASSES MUSIHF BE USED
IN'DYNAMIC MODELLING

~ra b me ©1.S. Lineard 2005



Added Mass

1 022  0.00
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Added Mass

For low density atmosE
added mass Is small —

CC

SLJJ’F)J’JSJJ’ g EFJ‘E, (S for those

— L
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Used to 'te rrestrial parachute
performanc
’ 'rJ]gr rJrchJ Mass aisguises
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~ Glide
> Unstable para frllJFde"ﬂJb]'

lUnacceptable dynamics in Iow.
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Added Mass




Added Mass
dU (1)
dt

|
Unsteady force is represented by: F(7)= 5 pChA[U()|U (1) + Pk~

For oscillatory motion of period T with time dependent velocity
U(t)=Usin(2zt/ T)
The coefficients are functions of:
Reynolds number
Mach number A
: Url
Keuligan-Carpenter number Kc=——

D
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Added Mass

For small Keuligan-Carpenter number

+ unsteady drag coefficient tends to steady value

+ added mass coefficient tends to inviscid value

+ For parachutes this is usually true
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X, U

System off axes and definition of terms for a descending
parachute
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Equations of Motion
X =(m+a,))u+aw+a,q+(m+ay)wg +a,ug +(a,, —mx)q’

Z =(m+a, W+a,u+(a, —mx)g —(m+a, ug—a.wq—a,q°

M = (mx” + I + ass)q + a5+ wg) +(ays — mx)(w—ugq) +(a;, — ay, Juw

JraB(w2 —uz) ﬁ
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Added Masses For A Single Plane Of Symmetry.
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Two Planes off Symmetry

% ¥ (2)
O q0)
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Rotational Symmetry

+ For a circular parachute
€ 8y = 833,855 = g, Agg = 0
¢ 35 = a5 and are small
+ Only 3 coefficients te determine
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Inflation




Inflation

force coefficient (Cr= F / gSo)

dimensionless time (7 =Vs(t—t)/ Do)

+ force coefficient is independent of mass ratio'and Froude
number and is a function only off dimensionless time

+ inflation time occurs in a fixed dimensionless time (7 = Vsti/ Do)
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F = %pV2C.S,

e

| mgg

Schematic diagram of inflating parachute
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Equation of Motion

Ll gl V2S,Cr(7)
Ms dl‘ 2p oLF\ T
where = —~t;)
“dV 1 SD
re-arranging | z=-5/— j CH(7)dr
Vs

1 1 1 S
SOVing =3+l M

!

therefore %: {1
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Thus V=V, f(M., 7)

Velocity ratio 1s a function of mass ratio




|
The force acting on the payload may be written  F =, stz[ f(M, T)]ZSOCF(T)

Force amplitude proportional to V?

20 +
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16 -+ P

\ - 100m/s
-2 80m/s
-2 60m/s

0.6 0.8 1
t/ti

Flat circular parachute inflation force as a function of initial velocity
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. . M
Consider now the load factor: me Dg SM [f ( T)] (7

Shape of inflation curve determined by mass ratio

16

14 +
@ 12 -
a {1 Mr=8.0
Em 10 - = Mr=4.0
™ — Mr=2.0
‘,5’ 8 - -8 Mr=0.8
T -+ Mr=0.4
S 6 - -0-Mr=0.2
= O~ Mr=0.1
g4

tit,

Load factor for flat circular parachute as a function of mass ratio (Fr= 76.4)
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Maximum inflation force to infinite m

(T
=
X
©
£
LL
~
X
(3]
S
LL

Mass ratio




Inflation

+ Mass ratio determined the shape; of the
Inflation force curve

+ Froude number determines the amplitude
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Added Mass Effect on Inflation

Equation of motion :

d
F=—(mg+a, )V
(mg+a )
d_V__l V2C S d_V Vdall
LTIl & 7 dt
Substituting for added mass
a1 Dy’ Dy dV Dy’ dD»
—=—— oV*C AR - —2136pV -
" T 2 Ty 8 P4

3
During inflation for solid flat p, = D, max(tj
circular li

813D
meaX:O.68DO CDp :151 tl': :
Vs
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Inflation force for a flat circular parachute as a function off mass

ratio
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1.200 -

1.000 +

0.800 +

0.600 Profile drag

0.400 —— Add mass inflation
Q —— Add mass deceleration

0.200 + — Add mass total

0.000 - Total
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Force coefficient contributions fier an inflating flat circular
parachute (mass ratio 0.4)
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QQ —— Add mass deceleration
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Force coefficient contributions for an inflating flat circular
parachute (mass ratio 4.0)
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Total force co

vVarious ma

~
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Total force coefficient for aninflating ribben parachute at various
Mass ratios




Added Mass Effect on Inflation

+ Added mass largely responsible fior inflation
factor

+ Simple model predicts inflation: factorsi close to
experiment

+ Flat circular 1.6
+ Ribbon 1.05

+ Original assumptions; in simple model
approximately correct — effect of added mass
IS in force coefficient data
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Wake Recontact

¢+ problem for ejection seat
and low level weapons

¢+ parachutes are sometimes
observed to collapse shortly
after full inflation

¢ occurs when the wake
catches up with the
decelerating parachute

+ adverse pressure distribution
causes collapse

¢ function of magnitude of;
deceleration
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Wake Recontact

= Strickland proposes severity increases withi increasing

velocity ratio
Vs
—>40
Vr
Vi_Vz k,aDa Vs /1)03_kE»
2 g Dog m M

= (Occurs at low mass ratiosiand high Froude number
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Wake Recontact Cont/d

deceleration during inflation is:

F
nisg Dog S M:

[ f(M, f)] CH(7)

wake collapse seems toroccur!iff deceleration during

inflation exceeds approximately 10g| andliff mass ratio Is
<1.0
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